Objectives: It is estimated that 15%-25% of patients with a mild traumatic brain injury (MTBI) diagnosed in the emergency department (ED) will develop postconcussive syndrome. The objective of this study was to determine if patients randomized to graduated return to usual activity discharge instructions had a decrease in their PostConcussion Symptom Score (PCSS) 2 weeks after MTBI compared to patients who received usual care MTBI discharge instructions.
H ead injury is a common presentation to emergency departments (EDs) in North America 1 . The majority (estimated 85%) will not result in intracranial injury requiring neurosurgical consultation but, despite absence of diagnostic imaging abnormalities, may have symptoms of mild traumatic brain injury (MTBI). 2 Patients with MTBI may have physical, emotional, behavioral, or cognitive symptoms such as headache, sleep disturbance, disorders of balance, fatigue, irritability, or memory and concentration problems. 3 Symptoms usually resolve spontaneously within 7 to 10 days. 4 It is estimated that between 15 and 25% of patients with MTBI develop postconcussive syndrome (PCS). PCS is a persistence of any combination of the aforementioned symptoms and usually lasts 2 to 4 months following injury. 5 Risk factors for developing PCS include higher levels of pain upon ED presentation, postural instability, female gender, older age, and neuropsychological factors at presentation. 6, 7 Approximately 20% of adults with PCS will not have returned to full-time work 1 year after initial injury. 5 Despite the significant disability associated with PCS, there is paucity in the literature surrounding the prevention of PCS in patients with acute MTBI. 8 Current guidelines recommend a period of "cognitive rest" and stepwise return to usual activities following MTBI. [9] [10] [11] [12] [13] Cognitive rest is defined as the avoidance of mental activities that may trigger symptoms, such as watching television, using the computer, listening to music, exercising, reading or talking on the phone. 11 Patients following "graduated return to usual activity" instructions are encouraged to only resume normal activities once symptoms have resolved and, if symptoms return upon recommencement of activities, to return to rest. 9 However, a recent systematic review concluded there is insufficient high-quality evidence to provide clear recommendations regarding any early interventions designed to decrease the severity of PCS following MTBI. 8 The primary objective of this study was to determine if patients randomized to cognitive rest and graduated return to usual activity discharge instructions had differences in their symptom resolution 2 weeks after MTBI compared to patients who received usual care discharge instructions.
METHODS

Study Design and Setting
This was a pragmatic, randomized controlled trial conducted in the ED of an academic tertiary care hospital in Toronto, Ontario, Canada (annual census 60,000), from October 2014 to May 2015. The ED is located in a densely populated, metropolitan area and sees mostly adult (≥18 years) patients. Advanced imaging modalities, such as computed tomography (CT) and magnetic resonance imaging, are available 24 hours a day, and 12% of ED patients are admitted for acute medical conditions. The ED is staffed by 32 emergency physicians with postgraduate emergency medicine certification, two physician assistants, and four nurse practitioners 24 hours a day. The study protocol was approved by the institutional research ethics board and registered with ClinicalTrials.gov (NCT02116673).
Selection of Participants
Widely adopted in Canadian EDs, Canadian Emergency Department Information System (CEDIS) contains 170 presenting complaints commonly seen in the ED and provides a standardized list to capture patients reasons for seeking medical care.
14 Patients presenting to the ED with a CEDIS chief complaint of "head injury" occurring within 24 hours were screened for eligibility by triage nurses. Additionally, if patients presented to the ED with another chief complaint (i.e., motor vehicle collision, fall), but were subsequently diagnosed by the emergency physician with "head injury," "concussion," or "MTBI," these patients were also eligible for inclusion. We chose 24 hours after the injury to reduce the potential heterogeneity of the study population and contamination of the discharge instructions. Given that multiple EDs are in close geographic proximity, patients initially seen at one ED may return to a different ED for ongoing symptoms. By limiting our inclusion criteria to injury occurring within 24 hours, we avoided enrolling patients who had been seen initially at one ED and then returned to our ED for ongoing symptoms. We felt that these patients were likely to have already received discharge instructions that would have likely contaminated our study results.
Once attending physicians confirmed that patients met inclusion criteria, informed written consent was obtained from trained research personnel (when available) or by the emergency physician or nurse. Patients were excluded if they had acute intracranial injury identified on head CT (including, but not limited to, subarachnoid hemorrhage, skull fracture, intracranial contusion, or epidural hematoma), had a Glasgow Coma Scale score < 15, were cognitively impaired, did not speak English, or did not have a telephone.
After providing informed written consent, patients were randomized to either graduated return MTBI discharge instructions or usual care using a fixed 1:1 allocation ratio produced by a computer-based random-number generator. Block sizes of four were used to ensure equal allocation to each group. The principal investigator maintained a secure master list of randomization codes and treatment assignments. To avoid potential patient selection and allocation bias, all physicians, nurses, research assistants, and patients were blinded to the randomization schedule. Sealed, sequentially numbered, opaque envelopes contained the preassigned group allocation. By necessity, the physician or registered nurse administering the instructions and the patient were aware of their allocation. However, outcome assessors were blinded to group assignment.
Following randomization, discharge instructions were read by either the attending physician or the ED nurse. Patients were also provided a printed copy of the discharge instructions. The control group received instructions including a description of common symptoms following MTBI and warning signs for missed intracranial injury such as vomiting, stupor, focal weakness, seizure, and severe headache (see Data Supplement S1, available as supporting information in the online version of this paper). Usual care discharge instructions did not include information regarding graduated return to usual activities or cognitive rest. The intervention group received discharge instructions adapted from the Centers for Disease Control and Prevention Acute Concussion Evaluation Care Plan (work version) for healthcare providers (Data Supplement S2, available as supporting information in the online version of this paper). 13 These MTBI discharge instructions described a graduated return to usual activities plan based on head injury symptoms and emphasized cognitive rest.
Methods and Measurements
Prior to receiving the discharge instructions, all patients completed the Post-Concussion Symptom Score (PCSS) questionnaire. This validated, 22-item, self-reported, questionnaire asks patients to rate their symptoms on a Likert scale of 0 to 6, where 0 is "no symptoms" and 6 is "unbearable." 15, 16 Patients were contacted via telephone at 2 and 4 weeks following their index ED visit to repeat the PCSS questionnaire and determine if they had any subsequent MTBIrelated physician visits and how many days of work or school they had missed due to MTBI symptoms. If telephone contact was not successful on the first day of scheduled follow-up, attempts were made on 2 more days via telephone and participants were sent a text message to remind them of the scheduled telephone interview. If contact was not made within this time frame, the patients were considered lost to followup and their data were excluded from further analysis.
Outcomes
The primary outcome of this study was the change in PCSS 2 weeks after the ED diagnosis of MTBI. Secondary outcomes included change in PCSS at 4 weeks, number of missed days of school or work, and repeat visits to a healthcare provider. The dependent variable of this study was the change in PCSS at 2 weeks, and the discharge instructions provided were the independent variable.
Data Analysis
Assuming an alpha of 0.05 and beta of 0.8, to detect a clinically meaningful 10-point difference in total PCSS, we estimated that 64 participants would have to be enrolled (32 in each group) to reject the null hypothesis that the change in PCSS would not be different between the two groups. To account for potential attrition, we increased our desired sample size by 25% and planned to enroll 80 patients, 40 in each group.
Data were entered directly into a study specific Microsoft Excel database. Descriptive statistics were summarized using means and standard deviations (SDs) or proportional differences with 95% confidence intervals (CIs) where appropriate. Analyses were conducted according to the intention-to-treat principle. Paired-samples t-tests were used to compare the difference in PCSS at 2 and 4 weeks post-ED visit. Categorical outcomes were compared using a chisquare test and continuous data were compared using a Mann-Whitney U-test. All statistical analyses were conducted using SAS (v.9.3).
RESULTS
A total of 118 patients were enrolled in the study, 60 patients were assigned to the graduated return group and 58 patients were assigned to the control group (Figure 1 ). There were no protocol violations and all ACADEMIC EMERGENCY MEDICINE • January 2017, Vol. 24, No. 1 • www.aemj.org patients randomized to their cohort remained in the assigned groups for analyses. The mean (AESD) age was 35.2 (AE13.7) years and 43 (36.4%) were male. Patient characteristics between the groups were similar, with the only notable difference being less incidence of headache (45.0% vs. 63.8%; Δ18.8; 95% CI = 1.0 to 35.1) at triage and also less incidence of other traumatic injuries (6.7% vs. 29.3%; Δ22.6; 95% CI = 8.9 to 36.0) in the graduated return group (Table 1) .
Overall mean (AESD) PCSS during the index ED visit was 35.1 (AE24.3), which corresponds to "moderate" head injury symptoms. Patients in the graduated return group had slightly higher PCSS than the control group (39.2 vs. 30.8; Δ-8.4; 95% CI = -17.3 to 0.35). One patient from the control group declined follow-up when contact was made by telephone. Including the patient declining follow-up, 28 patients (23.4%; 14 in each group) were lost to follow-up for the primary outcome. Of the remaining 90 patients, change in PCSS was similar between the graduated return (-10.5) and usual care (-12.8) groups at 2 weeks (Δ-2.3; 95% CI = -11.7 to 7.0). Similarly, there was no difference in the change in PCSS between the graduated return (-21.1) and usual care (-18. 3) groups at 4 weeks (Δ2.8; 95% CI = -6.9 to 12.7; Figure 2 ). Thirty-two (69.6%) patients in the graduated return group and 26 (59.1%) patients in the control group missed days of work or school due to their MTBI symptoms (Δ10.5; 95% CI = -9.1 to 29.0). The median number of days of work or school missed was similar between the graduated return (5 days; interquartile range [IQR] 3 to 7 days) and usual care (4 days; IQR = 2 to 10 days) groups at 4 weeks (Δ1 day; 95% CI = -2 to 3). Sixteen (34.8%) patients in the graduated return group and 19 (43.2%) patients in the control group saw a healthcare provider following the index ED visit for their MTBI symptoms (Δ-8.4; 95% CI = -27.4 to 11.4). The median number of visits to a healthcare provider were similar between the graduated return (2 visits; IQR = 1 to 3 visits) and usual care (2 visits; IQR = 1 to 3 visits) groups at 4 weeks. Thirty-eight (42.2%) and 23 (30.3%) of patients in this cohort had ongoing MTBI symptoms (PCSS > 20) at 2 and 4 weeks, respectively (Table 2) . Three patients had PCSS of 0 at their index ED visit. Two of the three patients had PCSS of 11 and 12, respectively, at 2 weeks and 0 and 7 at 4 weeks. The third patient with PCSS of 0 at their index ED visit had PCSS of 0 at 2 and 4 weeks.
DISCUSSION
The primary objective of this study was to determine if patients randomized to cognitive rest and graduated return to usual activity discharge instructions had differences in their symptom resolution 2 weeks after MTBI compared to patients who received usual care discharge instructions. Our findings suggest that instructing cognitive rest and graduated return to usual activities compared to usual discharge instructions did not influence the PCSS of adult patients diagnosed with MTBI in the ED. This randomized controlled trial adds to the limited body of evidence surrounding the prevention of PCS and management of MTBI symptoms for the general, adult ED patient population. A recent systematic review of early educational interventions in the ED for MTBI concluded there are no clear and consistent interventions or standard management practices that exist for this population. 8 The review included five trials conducted in the ED, none of which were high quality. Significant heterogeneity precluded the authors from pooling the results of the ED interventions, which included educational information sheets, telephone or in-person follow-up, and advice for bed rest. Only two of the five included studies reported a significant improvement in PCS symptoms. Patients provided with an information booklet and telephone follow-up had lower PCS symptom scores compared to the standard care group. 17 Similarly, a study by Ponsford et al. 18 reported significant reductions in some individual PCS symptoms when patients were provided with an information booklet on MTBI symptoms. The remaining three studies failed to identify any significant change in PCS symptoms, regardless of the interventions provided (information booklet, daily reassurance, written information and follow-up, or instruction for strict bed rest). Despite the fact that the ED is often the first point of contact with the healthcare system for MTBI patients, the authors concluded that more research is urgently CT = computed tomography; CTAS = Canadian Triage Acuity Scale; MVC = motor vehicle collision. *significant difference between groups. Figure 2 . Change in PCSS between the graduated return and usual care groups at 2 weeks (Δ-2.3; 95% CI = -11.7 to 7.0) and 4 weeks (Δ2.8; 95% CI = -6.9 to 12.7). Error bars denote 95% CI around the point estimate. PCSS = Post-Concussion Symptom Score.
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required to inform evidence-based guidelines and improve outcomes. Previous research evaluating a period of strict bed rest, which includes both physical and cognitive rest, has not been shown to decrease severity or duration of MTBI symptoms. Relander et al. 19 published one of the first studies evaluating two treatment strategies in patients admitted with MTBI. The control group included instructions for strict rest, while the intervention group was mobilized early and given physiotherapy. The average time off work for the control group was 32 days compared to 18 days in the active treatment group. Similarly, de Kruijk et al. 20 found that 6 full days of bed rest had no beneficial effect on the severity of posttraumatic complaints or general health status 6 months following MTBI. More recently, Thomas et al. 21 found that adolescents reported more symptoms when randomized to strict bed rest versus usual care and reported no difference in time to MTBI symptom resolution. Based on the best available evidence, current guidelines for the management of MTBI suggest that complete bed rest should be avoided after the first 48 hours postinjury. 12 We did not require patients have a minimum PCSS or meet the Zurich consensus statement definition of MTBI. Our reason for doing so reflects the findings by Ponsford et al. 22 who reported meeting diagnostic criteria for MTBI was not an independent predictor of ongoing symptoms at 3 months postinjury. Preinjury psychiatric problems were the only characteristic that strongly predicted continuing symptoms. In our study, three patients had PCSS of 0 at their index ED visit, yet two of these patients had PCSS of 11 and 12, respectively at 2 weeks. Future research should specifically investigate this distinct population.
MTBI may impact cognitive functions such as organization, memory, and time management, and cognitive exertion has been shown to exacerbate symptoms of MTBI. Current guidelines suggest cognitive rest and graduated return for MTBI patients. 4 Results from our study revealed that patients given discharge instructions emphasizing cognitive rest and graduated return to activity did not differ in their symptom improvement, the duration of time missed from work or school, or subsequent visits to a healthcare provider. It remains unknown if a single educational strategy is equally ineffective across all MTBI patients. Perhaps educational interventions may be more beneficial if targeted toward patients with known risk factors for prolonged symptoms, such as higher levels of initial pain, postural instability, or neuropsychological factors. Unfortunately, this study was not powered to evaluate whether patients with severe symptoms or risk factors benefitted from graduated return discharge instructions.
LIMITATIONS
This study has several limitations. This was a small study performed in a single, nontrauma center ED and may not be generalizable to other centers. The average patient enrolled in our study presented with moderate head injury symptoms, potentially suggesting that we enrolled lower-acuity MTBI patients. However, we believe that the patients enrolled in our study are representative of the typical MTBI patient presenting to most EDs. This study did not monitor patient compliance with discharge instructions. Although days of school and work missed were compared between groups, these surrogates likely do not encompass the amount of daily activity completed by the patients. Since compliance was not documented, the similarity in the recovery of patients in the two groups may be due to lack of an effect of the cognitive rest and graduated return to activities or due to lack of compliance to this recommendation. Future studies measuring compliance with discharge instructions are needed to validate these findings. Additionally, both groups were at risk of contamination, as patients may have sought medical attention following their ED visit and received different advice from other healthcare providers or other self-treatment sources. Unfortunately, receiving different information from what was provided during the index ED visit was not captured in this study. Another limitation is the primary outcome measure used PCSS, which is a self-reported, subjective measure of symptoms following MTBI. Including more objective measures such as balance and cognitive testing may have resulted in different findings, as prior studies evaluating both objective and subjective measures have shown increased symptom perception when functional outcomes were equivalent. 21 However, the PCSS was chosen because the relationship between symptoms, neuropsychological performance, and magnetic resonance imaging activation studies has been validated in MTBI patients compared to controls and has been widely used in studies assessing patients with PCS. 15, 16, 23 The PCSS has also been previously used in telephone follow-up. 23 Another limitation is not all patients with persistent postconcussion symptoms at 4 weeks would have met diagnostic criteria for PCS. Previous studies have reported that persistent postconcussion symptoms are present in up to 50% in MTBI patients at 30 days. 24, 25 The objective of this study was not to determine PCS at 4 weeks, but to document change in symptom score over time. Future studies should attempt to identify patients with an acute MTBI at risk of developing PCS. Finally, 35% of the patients were lost to follow-up at 4 weeks. Although the primary outcome was measured at 2 weeks, results from the 4-week follow-up should be interpreted with caution.
CONCLUSIONS
In summary, findings from this pragmatic randomized controlled trial suggest that instructing cognitive rest and graduated return to usual activities compared to usual discharge instructions did not influence the PostConcussion Symptom Score of adult patients diagnosed with mild traumatic brain injury in the ED. The vast majority of patients were still experiencing mild traumatic brain injury symptoms 4 weeks after their initial ED visit, suggesting that we must continue to implement and evaluate the effectiveness of acute interventions in the management of mild traumatic brain injury. Although the ED is the most common location for patients to present with mild traumatic brain injury, there are no evidence-based interventions or discharge instructions to help treat and counsel these patients.
